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Many different writers (Atkinson and Oleson 1996; Barnett 1995; Burchell and
Lisotkin 1995; Burchell et al., 1998; Carruthers and Ulfarsson 2002; Ciscel 2001;
Ewing 1997; and Glaeser and Kahn 2003) have examined the direct and indirect costs
of unplanned growth or sprawl. However, an area only recently examined is the
impact of sprawl on traffic fatalities (Ewing, Schieber and Zegeer, 2003; Lucy 2003;
and Lucy 2000). Besides a case study of the Chicago area, which found emergency
medical services (EMS) delays due to sprawl (American Farmland Trust 1998),
another issue not examined on a larger scale is the degree to which sprawl might be
contributing to delays in EMS. In this research note, we develop models similar to
the ones used by Reid Ewing, Richard Schieber and Charles Zegeer (2003), Stefan
Felder and Henrik Brinkmann (2002) and Theodore Keeler (1994) in order to assess
the impact that the built environment has on EMS response times and the rate of
traffic fatalities in the southeastern United States.

Reid Ewing (1997) reviews 17 studies concerning sprawl and identifies four
characteristics defining it: low-density, strip development, scattered development, and
leapfrog development. Peter Gordon and Harry Richardson (1997), in their criticism
of planners who promote. “compact cities,” suggest that sprawl is low density,
dispersed, decentralized, polycentric {many centers), and suburban. The universal
mobility of the auto has allowed job and home to be miles apart. Americans are
driving more every year in large part because of the increasingly spread out nature of
our metro areas (U.S. Dept. of Transportation (DOT), National Transportation
Statistics 1999). The 2001 National Household Travel Survey reports that although
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942 Lambert and Meyer

Americans were making fewer trips by motor vehicle, average time per trip had gone
up including the commute to work (U.S. Department of Transportation 2004).
Edward Glaeser and Matthew Kahn (2003) contend that sprawl is a result of a socnety
that has centered itself on the automobile.

As development continues outward, jobs, housing and services grow farther
apart. In the past few decades, development patterns that require an automobile trip
for every errand force many to drive more every year to accomplish the same things.
The long journey to work or for shopping is now accepted as commonplace. Due to
families having the luxury of several automobiles, many of these trips (over 81%) are
one-person occupied (U.S. DOT 1999). Ewing, Schieber, and Zegeer (2003) and
Keeler (1994) show that higher population density is associated with lower traffic
fatalities on a per capita basis. Ewing, Schieber and Zegeer create a “sprawl index”
demonstrating that more sprawled metro counties (i.e., those having low general
population density, large/long block sizes, and census tracts with population densities
below 2,500) have higher traffic fatality rates than their less sprawled counterparts.
Also, the more sprawled an area becomes the more difficult for police, fire and EMS
| to reach many new households and new developments, even those along existing

roadways. The alternative is to build new facilities closer to the new developments,
which raises the costs of public service provision.

Methods

As a measurement of the consequences of sprawl, William Lucy (2003) constructs an
index measuring the likelihood of someone becoming a traffic or homicide fatality
statistic in different parts of a metro area. He finds higher traffic fatality and
homicide rates in exurban areas than those in central cities or the inner suburbs of
fifteen metro areas.' Similarly, Reid Ewing, Rolf Pendall, and Don Chen (2002) find
that traffic fatalities are much higher in what they have ranked as the top ten most
sprawling metro areas versus the ten least sprawling metro areas in the United States:
fifteen average annual traffic deaths versus nine average annual traffic deaths per
100,000 residents.

For this paper, we first looked at fatal traffic crashes and then average EMS
run times (from time of notification to arrival of an EMS unit) to an accident site for
the year 2002 in the metro areas of eight states that make up the United States
Environmental Protection Agency Region 4: Alabama, Florida, Georgia, Kentucky,
Mississippi, North Carolina, South Carolina, and Tennessee. Fatal traffic crash and
corresponding EMS time data were found for most of the counties that make up the
metro areas of these states. The metro area boundaries were those that were in
existence as of 2002 (U.S. Census Bureau, County and City Data Book, 2000).

Using the U.S. National Highway Traffic Safety Administration’s (NHTSA)
Fatal Accident Reporting System (FARS), fatal traffic crashes and EMS times were
divided as having occurred in two types of areas: urban and rural, or ex-urban. FARS
uses the Federal Highway Administration’s (FHWA) definition of urban and rural.
This definition follows the U.S. Bureau of the Census definition of urban but “allows
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Ex-Urban Sprawl 943

responsible state and local officials in cooperation with each other, and subject to
approval by the Secretary of Transportation, to adjust the Census boundaries
outward, as long as they encompass, at a minimum, the entire Census designated
area” (http://www.thwa.dot.gov/planning/census/fagaZedt.htm, U.S. DOT 2003).
All else is defined as “rural.” With the 2000 Census, the U.S. Census Bureau
classifies populations and land areas as “urban,” “rural, nonfarm” and “rural, farm”
according to population density. Before 2000, the definition of urban hinged upon
municipal incorporation and total population, not on population density thresholds.
For the 2000 Census, an urbanized area or urban cluster “consists of core census
block groups or blocks that have a population density of at least 1,000 people per
square mile and surrounding census blocks that have an overall density of at least 500
people per square mile” whereas the classification “‘rural’ consists of all territory,
population, and housing units located outside of urbanized areas and urban clusters”
which means a population density below 500 per square mile (http://
www.census.gov/geo/www/ua/ua_2k.html). A census block group and a census
block are sub-components of a census tract and are smaller than an actual census
tract. FARS therefore follows the Census Bureau’s designation of what is considered
urban and rural in each area as far as population density is concerned unless state and
local officials have gone beyond urbanized areas and urbanized cluster boundaries.

All of the Metropolitan Statistical Areas’ (MSA) urban core counties (those
with cities of population of 50,000 or more) for which we had data, had “rural” fatal
crashes and “rural” EMS run times.” For example, in 2002, Miami-Dade County,
Florida had 226 fatal crashes classified as urban and 83 classified as rural or ex-urban.
According to FARS, the urban EMS time from notification until arrival was 5.9
minutes for urban fatal crashes and 7.2 minutes for rural or ex-urban accidents for
Miami-Dade. In 2002, the U.S. average EMS response time from notification to
arrival was 6.51 minutes for urban fatal crashes and 12.11 minutes for rural fatal
crashes (NHTSA FARS 2002). For the metro counties studied in our paper, the
corresponding EMS times were 7.6 minutes for urban and 10.7 minutes for ex-urban
from notification to time of arrival. For fatal crashes per 10,000 population, the
average was 2.5 for urban fatal crashes and 6.3 for ex-urban fatal crashes.

Like other studies, the number of fatal traffic crashes was adjusted on a per
10,000 population basis. Again, using Miami-Dade County as an example,
approximately 81% of the county’s land mass is classified as rural, nonfarm because of
low population density whereas in Louisville-Jefferson County, Kentucky, around
32% of the county’s land mass is identified as rural, nonfarm. The 226 urban, fatal
crashes that occurred in Miami-Dade County were divided by the total population per
10,000 of Miami-Dade County classified as urban, whereas the 83 rural, fatal crashes
were divided by the total population per 10,000 of Miami-Dade County classified as
rural, non-farm or ex-urban.

Given that the FARS data might be classifying some fatal crashes as urban
because of state and local boundaries going beyond the Census Bureau’s urbanized
area or urbanized cluster boundaries, we believe our estimates of rural or ex-urban
accidents per capita might be an undercount. Our estimates are therefore a little
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944 Lambert and Meyer

biased in favor of showing a slightly lower fatal crash rate per capita in ex-urban areas
than what would ordinarily be the case because if Census boundaries were followed
throughout these metro areas, the urban fatal crashes would be fewer and urban EMS
response times would probably be lower. Additionally, the FARS data might be
showing EMS times for urban areas that were slightly longer than what would be the
case if FARS used Census boundaries for urban areas (i.e., some of the EMS times
counted as urban were for areas outside of the Census’ urbanized areas and are
actually ex-urban times). Our use of the FARS classification of rural as ex-urban
favored the null hypotheses that there were no differences in the urban and ex-urban
fatal accident rates and EMS times.

Also, we did not use any data related to what the Census Bureau classifies as
rural and farm because our interest was in new, fringe residential development versus
older, urban and suburban areas and because the total land area for these counties
were either classified as urban or rural, nonfarm. No land area was classified as rural,
farm in these metro counties. Unfortunately, there is not a “suburban” category used
by the Census, so rural and non-farm was used as an ex-urban classification.’

Population density numbers for each county were calculated for both urban
populations (urban population divided by the number of urban, square miles) and for
ex-urban populations (rural, nonfarm population divided by the number of square
miles designated as rural, nonfarm). We did not use the exact same methods as
Ewing, Schieber, and Zegeer in calculating at the census tract level, the average block
size and population thresholds above 12,500 and below 2,500. However, in order to
arrive at a “sprawl index” as they did, we used the Census Bureau designations of
urban and rural, nonfarm (the latter of which is exurban) and were able to
approximately match the built environment in each county with the FARS data that
are classified as urban and ex-urban.*

Since we were interested in how development patterns affect EMS response
times for all emergencies and not just traffic fatalities, we adjusted the urban and ex-
urban EMS times for the urban and ex-urban populations to which they corresponded
similar to how the fatal crash variable was adjusted. For example, an average urban
EMS run time of 10 minutes corresponding to a population of 100,000 would be
divided by 10 (=100,000/10,000) to get an adjusted EMS time of one minute
whereas an average ex-urban EMS time of fifteen minutes for a population of 25,000
would be divided by 2.5 (=25,000/10,000) to get an adjusted EMS time of six
minutes. These adjustments were made to reflect the fact that although urban EMS
times were usually lower than ex-urban EMS times, the urban EMS units had to serve
a greater number of people and typically got a greater number of calls than ex-urban
EMS units. Additionally, the FARS data might be showing EMS times for urban
areas that were slightly higher than would be the case if FARS used Census
boundaries for urban areas (i.e., some of the EMS times counted as urban are for
areas outside the Census’ designated urbanized areas). The typical challenge for EMS
units is to be deployed in such a way as to minimize the time or distance traveled to
an emergency given emergency services resources and demand constraints (or
“demand nodes”) that are often a function of population levels (Ball and Lin 1993;
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Pirkul and Schilling 1988; Schilling 1982). Our adjustment for population served was
similar to the method used by Tarald Kvalseth and John Deems (1979) in Atlanta in
that we were trying to adjust EMS demand and service on a per capita basis for the
purposes of comparing different groups or areas on a comparable basis. Susi Steele
(1993) writes that with regard to planning EMS services, “the planning process is
never over, since population concentrations and demand pattems constantly
change” (63).

For fatal crashes, we looked at crashes involving all modes of transportation.’
Following Ewing, Schieber and Zegeer; we used a loglinear model of the regression
equation,

LnY=fo+ BiLnX, + B;LnX; + B3LnX; + BlnX,+ e

To estimate the dependent variable of the natural log of the fatal crashes per 10,000
urban population (n=122) or per 10,000 ex-urban population (n=122) for the 122
metro counties in the southeastern United States (Ln Y), we used the followmg
independent variables:

LnX; Log of the urban or ex-urban population density per county. As
discussed above, the population for each was divided by the
corresponding land area for each. There were 122 population
densities for the urban population of each county and 122
population densities for the ex-urban population of each county.

LnX; Log of the ratio of urban or ex-urban land area to the total county
land area. This controlled for how much of a county is developed
versus non-developed .in terms of urban versus ex-urban population
densities. There were 122 urban land area to total county land area
ratios and 122 ex-urban land area to total county land area ratios.
These two different ratios for each county always summed to one
since the metro counties had no land areas that were farmland
(rural and farm).

LnX; Log of the urban and ex-urban per capita income, 1999. This was
used by Ewing, Schieber, and Zegeer (2003) and Keeler (1994) as a
control variable. Once again, there were 122 urban and 122 ex-
urban values. Keeler found higher income and better educated
areas associated with lower crash rates.

Ln X, Log of the highest allowable motor vehicle speed. Like Keeler
(1994) we also tried to explain variations in fatal crashes due to
speed. We use a method similar to his of using the highest
allowable speed on a U.S. Interstate Highway per county. For MSA
core counties, and for both their urban and ex-urban areas, this is
55 miles per hour (MPH). Whereas for peripheral counties in a
MSA, both urban and ex-urban, we use 65 MPH for Kentucky
counties and 70 MPH for counties in the other states (which is the
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946 Lambert and Meyer

highest speed allowed outside of a major city in the seven other
states). This is an important factor because NHTSA (Traffic Safety
Facts 2001: Rural/Urban Comparison) points out that “over 70% of
the fatal crashes on roadways of 55 MPH or higher occur in rural
areas” whereas around 70% of those on roadways with speed limits
of 40 MPH or below are in urban areas.

Next we examined average EMS service times for both urban and ex-urban
areas within these same 122 metro counties. Using models similar to Felder and
Brinkmann (2002) and Kvalseth and Deems (1979) we again used a loglinear model
regression equation,

LnY=Bo+ BiLnX; + BLnX; + B3sLnX; +¢

where the log of the average EMS time in 2002 per 10,000 population was the
dependent variable (Ln Y) with the following variables as independent variables:

Ln X; Log of the urban or ex-urban population density per county. This
is the same independent variable used in the model of fatal crashes
above.

LnX; Log of the ratio of urban/ex-urban land area to the total county
land area. This is the same independent variable used in the model
of fatal crashes above.

Ln X; Log of the urban and ex-urban per capita income, 1999. Again,
this is used as a control variable, but, as used by Felder and
Brinkmann (2002), it can be used as a measure of a community’s
ability to dedicate resources to EMS provision and as a measure of
the demand of citizens in an area for health, well being, and safety
as a normal good (i.e., as income goes up, the greater their demand
for health, well-being and safety, all other things held constant).
Felder and Brinkmann’s findings support this view. We could not
find any databases that showed the resources, personnel, or
expenditures that these counties or their individual municipalities
put forth on EMS provision, so therefore this variable was chosen
as a proxy variable.® .

Results

Table 1 confirms the findings of Ewing, Schieber, and Zegeer (2003) for this part of
the United States using a slightly different model. Densely settled urban portions of
these southern metro counties have lower fatal crashes per capita than their ex-urban
counterparts. Also, the more urbanized the land area of the county, the lower the
fatal crashes per 10,000 residents as well. Incidentally, Ewing , Schieber, and Zegeer
(2003) mention that the southern and southwestern states typically have the most
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sprawled areas in the United States. Speed is also a significant factor. As William
Lucy (2003) points out, ex-urban areas usually have higher speed limits along with
many heavily traveled two lane roads. With the exception of the per capita income
variable, all of the independent variables are statistically significant at either p < .001
or p <.05.

Table 1. Regression Analysis of Fatal Traffic Crash Rates
Ln of All-Mode Fatal Crashes (Coefficients and t-statistics)

Metro Area Counties jn Soutl
United States
Constant _ 0.642
Ln Population Density (_5‘%;)5:..
Ln Ratio of Urban/Non-urban 03
Land Area to Total Land Area of ( 4_1'2)(2..
the County
Ln Per Capita Income, 1999 (g;g)
Ln Maximum Speed (22. 2848).
Adjusted R? 0.509
Sample size 244

*p<05 *p<.0l ***p<.001
_—————eeee

Table 2 shows that there is a potential risk associated with ex-urban
settlement patterns because of longer EMS run times in these areas of the metro
counties. For every 10% increase in population density, there is a 10.4% decrease in
EMS run time. The model explains around 75% of the variation in EMS run times
adjusted for population. Admittedly, the longer run times in ex-urban areas could not
only be occurring because of sprawl but also because of the lack of financial resources
that some EMS jurisdictions have. However, the per capita income variable is not
statistically significant, so community affluence possibly does not matter that much
with the provision of emergency services. At the same time, it is well established in
the public finance literature that up to a certain population maximum, large
economies of scale exist in the provision of public services due to the compactness of
many cities. Despite a large number of residents to serve, average costs go down over
a densely settled geographic area when it comes to the provision of police, fire and
sanitation (O’Sullivan 2003, 512; Rosen 1992, 535). Our results indicate this is
accurate since shorter EMS run times correspond to more densely settled areas.
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948 Lambert and Meyer

Table 2. Regression Analysis of Variations in Emergency Services Time
Ln of EMS Response Time Rates from Notification to Arrival at Scene
(Coefficients and t-statistics)

Metro Area Countics in Soutl
United States
‘ Constant 8.22
Ln Population Density (‘2;;2;...
Ln Ratio of Urban/Non-urban Land 0.87
Area to Total Land Area of the County (15.28)""
Lon Per Capita Income, 1999 (f:§2)
Adjusted R? 0.755
Sample size ' 244

*p<.05 *p<.01 *p<.001

e  ——— ]

Although our data came from EMS response times to traffic accidents, we see no
reason why the response times would be that different for other emergencies.

Discussion

With possible medical complications or death from delayed EMS response, sprawl can
cost many communities much more than increasing expenditures for emergency
technicians, medical equipment, etc. in order to keep up with new housing
development. Besides the emotional and physical suffering and pain caused with
motor vehicle accidents and traffic fatalities, there are also economic costs as well.
According to the NHTSA, the cost of all motor vehicle crashes in the United States in
2000 was approximately $230.6 billion of which 9% will be paid for with public funds
(The Economic Impact of Motor Vehicle Crashes 2000, Summary. U.S. DOT, NHTSA
2001). The lifetime cost for each fatality to our society is almost $1 million of which
over $800,000 is due to lost workplace and household productivity. Additionally,
present and future medical costs due to injuries are estimated to be $32.6 billion for
accidents occurring in 2000.

According to the American Red Cross, quick response time to medical
emergencies can mean the difference between life and death. For example, four to six
minutes after cardiac arrest, brain damage is possible. Six to ten minutes after this,
brain damage is likely, and beyond ten minutes, irreversible brain damage is certain.
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Six minutes is also a crucial time in case of fire emergencies (American Red Cross
1998).

The power of EMS to save lives and to help the critically ill or injured is

underscored by studies, which show that decreases in the U.S. homicide rate over the

- last 40 years have been partially due to better and more pervasive emergency care.
Anthony Harris, Stephen Thomas, Gene Fisher and David Hirsch (2002), find that
improvements in emergency services from 1960 to 1999 helped to lower the murder
rate by 70%. This trend had already been observed in Memphis, Tennessee and other
communities by the early 1990s (Giacopassi, Sparger and Stein 1992).

When homebuyers move into a newly built neighborhood, they also
“purchase” local police services, fire protection, street lighting, sanitation services, and
so on, provided by the local government. Charles M. Tiebout (1956) recognized the
patterns of taxing and spending that encompass all goods, services, and costs
associated with residing in a locality. The public choice view of allowing local
jurisdictions to compete for residents by offering different tax and service packages is
supported by Tiebout’s theory of public services. The central argument of the public
choice perspective, as reflected in Tiebout's model, is that citizens operating within
local jurisdictions create a quasi market of local taxes and public goods “packages” via
“voting with their feet” (Lyons and Lowery 1989, 541).

Therefore, the movement from city to outlying areas is the result of
thousands of families basing decisions on a host of powerful attractions offered by
competing jurisdictions. The attractions include: lower prices, cheaper land, lower
taxes (or better services for the same or more in taxation), privacy, and “country
living." The effect of rising incomes and inexpensive transportation for many families
has prompted many to leave the city as well (Mieszkowski and Mills 1993).
Sometimes the government inadvertently makes the attractions even more powerful
with subsidies like low-interest mortgages, new schools, and new roads and highways
(Atkinson and Oleson 1996; Burchell et al. 1998). Each household’s decision is
made in its own apparent best interest after weighing the costs and benefits. The
Tiebout view also assumes that each individual or family acts fully rational and has
perfect information about their choices (Rosen 1992, 530).

However, choices are often made without full knowledge of the costs, either
to the family itself or to society as a whole, due to the fact that that most make choices
using “bounded rationality” or because they have imperfect information about
different costs and benefits. Often new homesteaders move into an area with less
than perfect information and do not make all decisions rationally, i.e., weighing all
costs and benefits. Lucy (2003) points out that surveys show that most new
homebuyers consider area schools and crime rates but do not give that much thought
to local public transportation, access to roads or to retail locations (1568). It is
therefore possible that some suburban and ex-urban homesteaders do not consider
how close they are to the nearest hospital or fire-fighting or emergency services unit
when purchasing a home.

Even if these homesteaders believe the benefit of their large lot homes
and/or lower taxes is worth sacrificing the public services that typically go along with
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urban living, they may not be aware of other costs that may come later. For example,
many suburban and ex-urban dwellers may consider that the long commute time to
work is worth the trouble to enjoy the type of home they have. However, as others
follow them to exurbia, traffic congestion may ensue during rush hours to make their
commute to work even longer. A suburban or ex-urban resident may believe that he
or she will have to wait longer for EMS than an urban resident, but may undet-
estimate the length of time.

Many home dwellers assume the risks of living in remote areas but may not
fully appreciate them. Similarly, owners and operators of motor vehicles take risks by
not wearing safety belts or by engaging in risky behavior, such as driving substantially
over the speed limit. Although a negative consequence of such a decision (e.g., an
accident) may be improbable, the consequences of a single incident may be dire.
Obviously, it is impossible to stop everyone from undertaking risky behavior, but we
give incentives or disincentives to minimize such behavior. These mechanisms are
already in place to one extent or another—inexpensive auto insurance rates for good
drivers, speeding fines, etc. One issue that needs to be explored is whether it is
possible to create an environment that minimizes traffic fatalities and delayed
emergency services. A built environment that is more compact with regard to
development and focuses less on automobile usage could be such an environment.

The opportunity costs of extending more and better emergency services to
exurbia need to be examined as well. The explicit financial savings by not providing
adequate services need to be balanced against the increased harm done by not getting
to someone in time. Possible deaths or impairments from delayed responses could
possibly be projected and actuarially calculated, and a comparison could be made of
these costs against the savings of not providing a higher level of service.

If the economies of scale in ex-urban areas are lower, then providing greater
services may not always be cost efficient. However, as mentioned earlier, the costs of
delayed responses could be potentially high. Therefore, a benefit<ost analysis of new
developments needs to factor in such costs. If the implicit costs are higher than
expected, either greater emergency service provisions in a remote area may be
warranted despite some cost inefficiencies, or a new residential development project
could be postponed.

One possible public policy consequence of delayed emergency services is that
county governments may want to create impact fees or may want to start factoring
into their existing impact fees for newly developed areas the costs of extending police,
fire and emergency services. Currently, most of these fees or taxes only consider
public services such as sewers, roads, and bridges (Nelson and Moody 2003;
O’Sullivan 2003, 240-241). With many local governments reluctant to increase
property taxes, this may be a way to either pay for extending more setvices or for
slowing new development. The other alternative, as suggested by Atkinson and
Oleson (1996) among others, is for the states to enable regional planning among
counties and to create more incentives for such regional planning so as to minimize
sprawl and to minimize regional fiscal disparities.
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Either of these two outcomes (increasing the services or curbing new

development) are roles of local government that could be deemed appropriate public
goods. In other words, such goods are often warranted on the basis that individuals
often make decisions with asymmetric or less than perfect information. It is a role of
government to correct for such bounded rationality and market imperfections. A
regional planning approach among local governments may be the best way to control
for or to prevent the negative consequences of uneven, sprawled development.

Notes

Exurbia is defined as “a residential area outside of a city and beyond suburbia.” (http://Webster-
dictionary.org/definition/exurbia).

Not all metro counties of the MSAs had both fatal crash data as well as EMS run times. For the state
of Alabama, FARS only gave data for Jefferson County, the home county for Birmingham.

We would like to emphasize that we are only looking at metropolitan area counties since we are
concerned with the possible impacts of sprawl with regard to traffic accidents and delayed emergency
medical services. Our use of the concept “rural, non-farm” is using the Census Bureau’s definition of
tural, nonfarm. It is not a residual of what comes after the urban space since these counties do not
have rural, farmland areas. According to the Census Bureau:

For Census 2000, the Census Bureau classifies as "urban" all territory, population, and
housing units located within an urbanized area (UA) or an urban cluster (UC). It delineates UA
and UC boundaries to encompass densely settled territory, which consists of:
®  core census block groups or blocks that have a population density of at least 1,000 people

per square mile and
¢  surrounding census blocks that have an overall density of at least 500 people per square
mile

In addition, under certain conditions, less densely settled territory may be part of each
UA or UC.

The Census Bureau's classification of "rural" consists of all territory, population, and
housing units located outside of UAs and UCs. The rural component contains both place and
nonplace territory. Geographic entities, such as census tracts, counties, metropolitan areas, and
the territory outside metropolitan areas, often are "split” between urban and rural territory, and
the population and housing units they contain often are partly classified as urban and partly
classified as rural.

(Source: www.census.gov/geo/www/ua/ua_2k.html)

Rural, non-farm areas are defined as those not having households or housing units with agricultural
sales in 1999 (Census 2000, Urban and Rural Classification, www.census.gov/geo/www/ua/
ua_2k.html). By definition, these areas have population densities under 500 people per square mile.

We chose not to use the U.S. Department of Agriculture’s National Resources Inventory (NRI) for
metro regions because we have split each county into an urban versus suburban/ex-urban
dichotomy—two observations, not one, per county.

Although fatalities from motorcycle accidents are often high, we could find no database to allow us
to control for this (such as local motorcycle helmet laws, enforcement of helmet laws, number of
bikes registered per county, etc.).

The number of hospitals per county according to the Census Bureau’s County Business Patterns 2002
could be used as a proxy for EMS, but since we have divided each county into two parts, this data is
not useful since establishment numbers and personnel for hospitals are only given at the county level
in the aggregate. The Census Bureau’s 2002 Census of Governments provides the number of paid
police, firefighters, and health care workers at the county and municipal levels. However, since EMS

—
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could be in any one of these three categories (it is not listed separately), and since many EMS workers
are volunteer, this data is not of much use for our research either.
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